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(54) TOOL FOR MANUFACTURING SEAMLESS STEEL TUBE 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a tool for 
manufacturing seamless steel tubes excellent in 
durability with which improvement of quality of inner 
surface and reduction of manufacturing cost of high alloy 
steel tube manufactured by rolling with a Mannesmann 
plug mill are enabled. 

SOLUTION: This tool is the tool for manufacturing 
seamless steel tubes by which scaling heat treatment is jL a 
executed after melting steel and casting into a plug- 
shaped mold and this steel consists of, by weight, 0.1- 
0.4% C, 0.1-3% Si, 0.2-2% Mn, 0.05-1% Cu, 0.5-10% Ni, 
0.5-5% Cr, 0.5-5% Mo, 0.5-5% W, 0.5-5% Co, 0.015-1% 
Ti, 0.01-0.1% sol. Al and the balance which satisfies the 
formula: 0<Co%x7-C%x10-Ni%<18, is Fe with inevitable 
impurities. 
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CLAIMS 



[Claim(s)] 

[Claim 1] It is the tool for seamless-steel-tubes manufacture which comes to give scale attachment heat 
treatment after dissolving steel and casting to the mold of a plug configuration. This steel By weight %, 
C:0.1 - 0.4% 5 Si:0.1-3%, and Mn:0.2-2%, Cu: 0.05-1%, nickel:0.5-10%, and Cr:0.5-5%, Mo: The tool 
for seamless-steel-tubes manufacture characterized by the remainder with which 0.5-5%, W:0.5 - 5%, 
Co:0.5-5%, Ti:0.015-1%, and sol.aluminum:0.01-0.1% are contained, and it is satisfied of following the 
(1) type consisting of Fe and an unescapable impurity. 
0 <=Co%x7-C%xlO-nickel%<=18 -- (1) 

[Claim 2] The tool for seamless-steel-tubes manufacture according to claim 1 further characterized by 
regulating each unescapable impurity element of P, S, and N by weight % to P:0.05% or less, S:0.06% 
or less, and N:0.2% or less as a steel component. 

[Claim 3] The tool for seamless-steel-tubes manufacture according to claim 1 or 2 further characterized 
by containing one sort chosen from the group (V:0.05 - 2%, Zr:0.05-2%, B:0.005 - 0.02%, and Nb:0.05- 
2%), or two sorts or more by weight % as a steel component. 



[Translation done.] 
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[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention relates to the tool for manufacture of high-alloy-steel 
tubing manufactured with the Mannesmann plug mill rolling (a punching plug or expansion plug), and 
relates to the good tool for seamless-steel-tubes manufacture of whenever [ aiming at improvement / in 
the quality of the internal surface of a steel pipe /, and reduction of manufacturing cost durable ]. 
[0002] 

[Description of the Prior Art] In recent years, in mining of petroleum gas, depth is more deep, mining in 
a well with much corrosive gas increases, and the volume of 13Cr steel equivalent to AISI420 used for 
such joint ductlessness for Yui tubing etc. is increasing. Although the Mannesmann plug mill method is 
widely enforced from high productivity in the approach of manufacturing seamless steel tubes between 
heat until now, after making into a hollow element tube heating and the round steel piece by which soak 
was carried out at predetermined temperature with the piercer rolling mill which is the first keypunch 
first, by this approach, this hollow element tube is extended with the elongator rolling mill and plug mill 
rolling mill which are the second keypunch. It becomes difficult for the deformation resistance between 
the heat of high Cr steel to be [ being few compared with the case where the amount of scale formation 
of the front face of the rolled material of a under / rolling / is carbon steel further in high Cr steel at the 
time of front / rolling / heating although the plug used by each performed scale attachment heat 
treatment and printing with rolled material has been prevented / again ] high to carbon steel, to wear out, 
and for the scale on the front face of a plug to be damaged easily, and to prevent printing of a plug and 
rolled material effectively. 

[0003] When punching a round steel piece and making to a hollow element tube with a piercer plug 
especially, since a plug point is heated by about 1 100-degree C elevated temperature, in the point of a 
plug, high temperature strength is required for it. In manufacturing the high steel pipe of deformation 
resistance, such as high alloy steel, especially, when the reinforcement of a plug runs short and the 
deformation in a plug point arises, it becomes difficult to maintain the scale on the front face of a plug, 
and printing by the plug and rolled material arises notably. 

[0004] As mentioned above, it is the ingredient which consists of a component which generates a scale 
with the high temperature strength, abrasion resistance, and peeling resistance of a plug ingredient as a 
property for which the ingredient of a punching plug (piercer plug) and an expansion plug (elongator 
plug) is asked. 

[0005] From such a viewpoint, as a means which raises the life of the plug for punching at the time of 
high-alloy-steel rolling, and the plug for expansion For example, 0.25%C-3%Cr-l%nickel is used as a 
**-SU component as indicated by JP,7-060314,A with the piercer plug. In order to add nickel further in 
order to attain delicate-ization of a surface scale, and to control softening of the plug surface section by 
decarbonization, loading addition of Mn is carried out, and restricting the addition of Mo and W that a 
baking crack with a possibility that it may be further generated at the time of quenching after rolling 
should be prevented is indicated. Moreover, the ratio of nickel/Cr is restricted from a viewpoint of 
reservation of the thickness and high temperature strength of a scale layer as indicated by JP,60- 
20845 8, A, and reservation of high temperature strength is in drawing by addition of Cu, Ti, and Zr. 
[0006] 

[Problem(s) to be Solved by the Invention] However, even if it is the punching plug and expansion plug 
using the ingredient which limited the chemical entity as mentioned above, when rolling out high alloy 
steel, such as 13Cr steel, life with those sufficient plugs is not acquired. 

[0007] Namely, it sets to the plug used after casting, without performing hot working, such as hot 
forging, etc. The shrinkage cavity at the time of casting influences the high temperature strength of a 
plug, and the reinforcement in lower temperature, and when there are many amounts of a shrinkage 
cavity, crack damage of a plug should arise at the time of an activity, Moreover, the component was 
adjusted, the toughness of the plug which generally has martensitic structure although the reinforcement 
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of the plug in ordinary temperature increases fell in the request in order to raise high temperature 
strength, and it became clear to produce crack damage of a plug. Furthermore, it became clear that 
effectiveness sufficient by the approach of raising the compactness of a scale by adjusting the content of 
nickel and Cr when raising the life of a plug is not acquired. The object of this invention is to offer the 
good tool for seamless-steel-tubes manufacture of whenever [ durable ] which enables the improvement 
in the quality of the internal surface of high-alloy-steel tubing and the reduction of a manufacturing cost 
which are especially manufactured with the Mannesmann plug mill rolling, in order to solve the above- 
mentioned trouble. 
[0008] 

[Means for Solving the Problem] In order to solve said technical problem and to attain the object, this 
invention uses the means shown below. 

It is the tool for seamless-steel-tubes manufacture which comes to give scale attachment heat treatment 
after the tool of this invention dissolving steel and casting to the mold of a plug configuration. (1) This 
steel By weight %, C:0.1 - 0.4%, Si:0.1-3%, and Mn:0.2-2%, Cu: 0.05-1%, nickel:0.5-10%, and Cr:0.5- 
5%, Mo: 0.5-5%, W:0.5 - 5%, and Co:0.5-5%, Ti: It is the tool for seamless-steel-tubes manufacture 
characterized by the remainder with which 0.015-1% and sol.aluminum:0.01-0.1% are contained, and it 
is satisfied of following the (1) type consisting of Fe and an unescapable impurity. 
0 <=Co%x7-C%xlO-nickel%<=18 - (1) 

(2) The tool of this invention is a tool for seamless-steel-tubes manufacture given in the above (1) 
characterized by being weight % and regulating each unescapable impurity element of P, S, and N 
further as a steel component to P:0.05% or less, S:0.06% or less, and N:0.2% or less. 

(3) The tool of this invention is a tool for seamless-steel-tubes manufacture the above (1) further 
characterized by containing one sort chosen from the group (V :0.05 - 2%, Zr:0.05-2%, B:0.005 - 0.02%, 
and Nb:0.05-2%), or two sorts or more by weight % as a steel component, or given in (2). 

[0009] 

[Embodiment of the Invention] this invention persons came to acquire the following knowledge, as a 
result of inquiring wholeheartedly that the above-mentioned technical problem should be solved. Co and 
Cu make the interface of a plug and a scale irregularity, it is the element which raises the peeling 
resistance of a scale notably, and Co also raises the abrasion resistance of a scale by raising the 
compactness in a scale further. However, addition of Co is an element which raises the transformation 
point (Acl and Ac3) of steel, since it does not metamorphose into an austenite thoroughly with scale 
attachment heat treatment temperature when Co is added simply, at the time of cooling by scale 
attachment heat treatment, it does not metamorphose into martensitic structure but the coke strength at 
ambient temperature of a plug runs short. In addition, when scale attachment heat treatment temperature 
is raised, in order to obtain a perfect austenite texture from the amount of generation of the opening in a 
scale increasing, and the peeling resistance of a scale deteriorating, there is a limit in raising scale 
attachment heat treatment temperature. Moreover, a proper value exists in the coke strength at ambient 
temperature of the plug which is a martensite subject's organization, when the reinforcement is low, 
deformation of a plug arises, and when the reinforcement is high, the toughness of a plug runs short, and 
plug crack damage arises at the time of an activity. For this reason, in adding Co, in order to adjust the 
transformation point of an ingredient, and the coke strength at ambient temperature of a plug, adjustment 
of the content of C and nickel is needed. In addition, although Cu seldom affects the transformation 
point of steel, at the time of scale attachment heat treatment, superfluous addition of Cu will make brittle 
the austenite grain boundary on the front face of a plug near the scale, and, for this reason, will spoil the 
toughness of a plug. For this reason, the upper limit of the content of Cu was found out. 
[0010] In the plug used after casting, without performing hot working, such as hot forging, etc., when 
preventing crack damage of a plug, few shrinkage cavities at the time of casting are wanted for there to 
be in the condition of a casting as. Since N which is the gas constituents in molten steel does not fully 
surface at the time of coagulation but it remains and generates in molten steel, to reduction of the 
amount of generation of a shrinkage cavity, the application of secondary refining of molten steel, such as 
the activity of few dissolution raw materials of N content or arrangement and rationalization of capacity 
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of the dead head, and RH degassing apparatus, of a shrinkage cavity is the most desirable. However, the 
fabrication costs of a plug will be raised depending on these means. Therefore, as a result of examining 
the simple method of reducing the amount of generation of a shrinkage cavity, it became clear that 
addition of Ti is effective. Furthermore, addition of this Ti deposits as TiN or TiC immediately after 
coagulation in molten steel, and has the effectiveness which raises the high temperature strength of a 
plug. 

[001 1] In order to generate a scale with [ based on the above knowledge ] the high temperature strength 
of a plug ingredient, abrasion resistance, and peeling resistance in this invention persons, as constant- 
rate addition of Co, Cu, and Ti was carried out and the content of C and nickel was further adjusted 
according to the addition of Co, a header and this invention were completed for the good tool for 
seamless-steel-tubes manufacture of whenever [ durable ]. 

[0012] That is, this invention can offer the good tool for seamless-steel-tubes manufacture of whenever 
[ durable ] which enables the improvement in the quality of the internal surface of high-alloy-steel 
tubing and the reduction of a manufacturing cost which are especially manufactured with the 
Mannesmann plug mill rolling by limiting a steel presentation to the following range. 
[0013] Hereafter, the reason for component addition of this invention and the reason for component 
definition are explained. 

(1) The component presentation range C of C:0.1 - 0.4% is an indispensable element in order to raise the 
coke strength at ambient temperature and high temperature strength of a plug, and it needs to make 0.1% 
or more of C contain. On the other hand, in addition exceeding 0.4%, since the coke strength at ambient 
temperature rises too much, toughness will fall, and crack damage of a plug will be caused. Therefore, 
the content is 0. 1 - 0.4%. 

[0014] Si: If Si is a deoxidation element, and there is little the effectiveness at less than 0.1% and the 
content exceeds 3% 0.1 to 3%, the scale thickness on the front face of a plug will decrease, and the life 
of a plug will be reduced. Therefore, the content is 0.1 - 3%. 

[0015] Mn: At less than 0.2%, although it is added in order that Mn may raise high temperature strength 

0.2 to 2%, if there is little the effectiveness and it exceeds 2%, the scale thickness on the front face of a 

plug will decrease, and the life of a plug will be reduced. Therefore, the content is 0.2 - 2%. 

[0016] Cu: 0.05- l%Cu is an effective element which raises the adhesion of a scale, at less than 0.05%, 

when there is little that effectiveness and 1% is exceeded, at the time of scale attachment heat treatment, 

the austenite grain boundary on the front face of a plug near the scale will be made brittle, and, for this 

reason, the toughness of a plug will be spoiled. Therefore, the content is 0.05 - 1%. 

[0017] nickel: If it is an austenite stabilization element, and the effectiveness is small and exceeds 10% 

at less than 0.5% 0.5 to 10% while nickel is a solid-solution-strengthening element, the amount of 

generation of a scale will fall and the life of a plug will fall remarkably. Therefore, the content is 0.5 - 

10%. 

[0018] Cr: 0.5-5%Cr is an element which serves as carbide and raises the reinforcement of a plug 
remarkably, and the amount of deposits of Cr carbide sufficient at less than 0.5% is not obtained, but it 
runs short of the coke strength at ambient temperature and high temperature strength of a plug. If 5% is 
exceeded, the amount of generation of the scale on the front face of a plug falls, and since baking of a 
plug and rolled material cannot be prevented, the life of a plug will fall. Therefore, the content is 0.5 - 
5%. 

[0019] Mo: 0.5 - 5%Mo is an element which raises high temperature strength by depositing as 
dissolving in steel, or Mo carbide. Moreover, it is the element which raises the toughness of the steel in 
ordinary temperature or tempering temperature. At less than 0.5%, desired effectiveness is not acquired 
for the addition of Mo. On the other hand, when it exceeds 5%, the coke strength at ambient temperature 
becomes high too much, and will cause lowering of toughness. Therefore, the content is 0.5 - 5%. 
[0020] W:0.5 - 5%W is an element which serves as carbide and raises the reinforcement of a plug 
remarkably, and the amount of deposits of carbide sufficient at less than 0.5% is not obtained, but it runs 
short of the coke strength at ambient temperature and high temperature strength of a plug. Lowering of 
toughness will be caused when 5% is exceeded. Therefore, the content is 0.5 - 5%. 
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[0021] Co: 0.5-5%, put 0 <=Co%x7-C%xlO-nickel%<=18Co on this invention, and it is an important 
element. That is, it is an element effective while raising high temperature strength, when raising the 
abrasion resistance and peeling resistance of a scale notably by addition of Co. Effectiveness which Co 
mentioned above at less than 0.5% is not fully acquired, but on the other hand, while raising the 
manufacturing cost of a plug, the transformation point of steel goes up, it becomes difficult for 
martensitic structure to obtain the plug of a subject's organization, the coke strength at ambient 
temperature of a plug falls, and it becomes easy to produce deformation of a plug in 5% or more of 
addition. 

[0022] Moreover, in order to obtain the organization of a martensite subject with proper reinforcement 
and proper toughness, C content, nickel content, and Co content need to satisfy the relational expression 
showing in a degree type. 
[0023] 

As shown in 0 <=Co%x7-C%xl0-nickel%<=18, i.e., drawing 1 , when the value of Co%x7-C%xl0- 
nickel% is less than zero, the coke strength at ambient temperature of a plug becomes high, toughness 
will fall, and crack damage of a plug will arise. 

[0024] On the other hand, when the value of Co%x7-C%xl0-nickel% exceeds 18, the coke strength at 
ambient temperature of a plug will run short, deformation of a plug will arise, and the life of a plug will 
deteriorate. 

Ti: When Ti deposits as TiN or TiC 0.015 to 1% at the time among molten steel of coagulation, it is an 
effective element for reducing the amount of dissolution N and reducing the amount of generation of the 
shrinkage cavity of the slab of a casting as. At less than 0.015%, when this effectiveness is not acquired 
and Ti is added exceeding 1%, TiC and TiN which exist in steel serve as an origin of a crack, will 
promote the crack of a plug, and will check that life. For this reason, the content of Ti is 0.015-1%. 
sol.aluminum: 0.01 - 0.1%sol.aluminum:aluminum is a deoxidation element, is an element required 
when securing the ductility of steel, and toughness, and even if desired effectiveness is not acquired but 
it makes it contain exceeding 0.1% on the other hand, the effectiveness will be saturated with less than 
0.01%, or it will invite lowering of ductility and toughness to reverse at it. For this reason, the content of 
aluminum is 0.01 - 0.1%. 

[0025] P:0.05%or less P is an unescapable impurity element, and is segregated to a grain boundary at the 
time of austenite heating, reduces grain boundary reinforcement, and degrades plug reinforcement 
notably. For this reason, that upper limit is 0.05%. 

[0026] S:0.06%or less S is an unescapable impurity element, and is segregated to a grain boundary at the 
time of austenite heating, reduces grain boundary reinforcement, and degrades plug reinforcement 
notably. For this reason, that upper limit is 0.06%. 

[0027] N:0.2%or less N is an unescapable impurity, when the content exceeds 0.2%, and the shrinkage 
cavity at the time of casting arises in a plug, it may reduce the reinforcement of a plug, and it may cause 
crack damage of a plug. Therefore, the upper limit is 0.2%. 

[0028] Furthermore, in this invention, the life of the piercer plug which is the object of this invention 
one sort or by making two or more sorts contain about V, Zr, B, and Nb of each following content, or an 
elongator plug can be raised. 

[0029] Although it is added in order to raise high temperature strength, at less than 0.05%, V:0.05 - 2% 
V causes lowering of toughness, when the effectiveness is not acquired but it exceeds 2%, and produces 
crack damage of a plug. Therefore, the content is 0.05 - 2%. 

[0030] Zr: It is the element which raises high temperature strength, the effectiveness is not acquired at 
less than 0.05%, but Zr serves as a nitride 0.05 to 2%, in exceeding 2%, it causes degradation of 
toughness, and produce crack damage of a plug. Therefore, the content is 0.05 - 2%. 
[0031] It is an element which raises high temperature strength, the effectiveness is not acquired at less 
than 0.005%, but B:0.005 - 0.02%B becomes a nitride, when exceeding 0.02%, it causes degradation of 
toughness, and it produces crack damage of a plug. Therefore, the content is 0.005 - 0.02%. 
[0032] Nb: 0.05-2%Nb is an element which raises the reinforcement of a room temperature and an 
elevated temperature by depositing as NbC, and lifting of predetermined reinforcement is not acquired at 
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less than 0.05%. In addition exceeding 2% on the other hand, lowering of toughness will be caused and 
the crack of a plug will arise. Therefore, the content is 0.05 - 2%. 

[0033] In addition, about manufacture conditions, it is not limited especially by this invention. Namely, 
the dissolution approach of the steel at the time of plug manufacture, the casting approach, and the scale 
attachment heat treatment approaches should just be conditions usually adopted. The example of this 
invention is given to below and the effectiveness of this invention is proved. 
[0034] 

[Example] The atmospheric-air dissolution was carried out and the 500kgf steel of the chemical 
composition shown in a table 1 was cast in the configuration of a piercer plug with an overall diameter 
of 105mm. After the casting plug finished the part in contact with rolled material by machine grinding, it 
carried out scale attachment heat treatment in the steam oxidation ambient atmosphere, manufactured 19 
plug mill plugs of each steel at a time, respectively, and used 18 of them for rolling of 13Cr seamless 
steel tubes. About the one remaining pieces, Vickers hardness number was measured and the thickness 
of a surface scale was measured with the optical microscope. In addition, since it consisted of a inner 
layer scale and an outer layer scale and the inner layer scale of these prevented baking of a plug and 
rolled material, the scale on the front face of a plug measured the thickness of a inner layer scale. 
[0035] Furthermore, the diameter [ of 10mm ] xl5mm high test piece was extracted, rate of strain 
performed the compression test in a 10-/second with the test temperature of 1 100 degrees C, the mean 
deformation resistance at the time of the distortion 0.1 in that case was measured, and the high 
temperature strength of each steel has been grasped. 

[0036] In addition, after holding steam oxidation heat treatment at 900-1000 degrees C for about 5 hours 
and annealing it to the temperature of 500 degrees C, it was taken out from the heat treating furnace and 
cooled radiationally in atmospheric air. 13Cr steel rolling punched the round steel piece with a die 
length [ 3280mm ] of with a diameter of 170mm with the first keypunch (piercer), and was made into 
the hollow element tube of diameter [ of 174mm ] x30mm thickness x5700mm die length. The existence 
of deformation of the plug head for every one pass or a drum section, the existence of breakage on the 
plug surface section by seizure, or plug crack damage estimated the life of a plug with the number of 
passes when it becomes impossible to use it. 

[0037] In a table 1, No. 1-4 are this invention steel and No.5-18 are comparison steel. The average of the 
life (number of passes) of the piercer plug at the time of rolling out the Vickers hardness number, the 
inner layer scale thickness, the 1 100-degree C mean deformation resistance, and 13Cr seamless steel 
tubes of a piercer plug of each chemical entity is shown in a table 2. While ordinary temperature and the 
plug reinforcement in an elevated temperature are obtained, as for this invention steel No. 1-4, the good 
plug life (19 to 29 pass) is acquired from desired scale thickness being obtained, so that clearly from a 
table 2. 

[0038] On the other hand, the life of the plug which consists of steel of comparison steel No.5-18 is a 
small value (one to 14 pass) compared with the life of the plug which consists of steel of this invention 
steel No. 1-4. Although comparison steel No.5-8 have the content of each element in the generic claim 
by this invention, since the value of Co%x7-C%xl0-nickel% calculated from the content of Co, C, and 
nickel is a value besides the generic claim of this invention, whenever [ plug durable ] has deteriorated. 
[0039] Since the addition of C, Mn, Cr, Mo, W, and Ti is high, the coke strength at ambient temperature 
of a plug is too high, when toughness falls, the crack of a plug arose at the time of an activity, and, as for 
comparison steel No. 9, and 10, 12, 13, 14 and 15, whenever [ durable ] has deteriorated. Moreover, 
since the content of Cu is high, when embrittlement in the plug surface section takes place, the crack of 
a plug produces comparison steel No.l 1 at the time of an activity, and whenever [ durable / of a plug ] is 
falling. In comparison steel No. 16 and 17, since the content of Si and nickel is high, the scale thickness 
on the front face of a plug runs short, disappearance of the scale at the time of an activity arises at an 
early stage, and whenever [ durable ] is falling. Since the transformation point of steel goes up since Co 
content is high, and comparison steel No. 18 cannot obtain a perfect austenite texture by whenever [ scale 
attachment stoving temperature ], the coke strength at ambient temperature of a plug falls, and whenever 
[ durable ] is falling. 
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[0040] 
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[0041] 
[A table 2] 
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[0042] 

[Effect of the Invention] As described above, according to this invention, the good tool for seamless- 
steel-tubes manufacture of whenever [ durable ] which enables the improvement in the quality of the 
internal surface of high-alloy-steel tubing and the reduction of a manufacturing cost which are especially 
manufactured with the Mannesmann plug mill rolling can be offered by specifying a steel presentation. 
Therefore, the utility value on [ ~ the life of the piercer plug for seamless-steel-tubes manufacture and 
an elongator plug can be improved - ] industry is large. 



[Translation done.] 
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